ABSTRACT
INTRODUCTION
Owing to the progression of muscle weakness and the associated disease symptoms over the full course of the disease, paƟ ents with amyotrophic lateral sclerosis (ALS) become increasingly dependent on the support and care of their partner, family members and other relaƟ ves. Generally, the partner or one of the paƟ ents' closest family members is the most important informal caregiver 1 . During informal caregiving, a signifi cant amount of Ɵ me, aƩ enƟ on and eff ort is devoted to the paƟ ent with ALS 1 .
As the disease progresses, strain on and psychological distress of informal caregivers of paƟ ents with ALS increase signifi cantly [2] [3] [4] , while caregivers' quality of life worsens 5 . Role strain due to many demands because of managing care, providing care, supporƟ ng the paƟ ent in decision-making, paƟ ent advocaƟ ng and ordinary daily live responsibiliƟ es may have an impact on caregiver strain 6, 7 .
Reducing the strain of informal caregivers should be a high priority in ALS care. OpƟ mizing the caregivers' well-being is criƟ cal, not only for themselves but also for the paƟ ents 8, 9 Knowledge about intervenƟ ons which relieve caregiver strain is, however, sƟ ll limited. ALS treatment guidelines and ALS literature lack evidence for intervenƟ ons aimed at reducing caregivers' adverse experiences and caregiver strain 10, 11 . In their literature review, Aoun et al. (2012) highlighted the absence of intervenƟ ons to improve care for family caregivers 12 .
From the results of cross-secƟ onal surveys it appeared that caregivers reported shortcomings in ALS management as a refl ecƟ on of caregiver strain 13, 14 . Insight into factors associated with caregiver strain may help to idenƟ fy those at risk for high levels of strain and may guide the development of supporƟ ve intervenƟ ons. Earlier cross-secƟ onal studies idenƟ fi ed various determinants of ALS caregiver strain, 9,15-18 but fewer studies have reported longitudinal data 3, 19 . Some of the explored paƟ ent-related and caregiver-related variables might be modifi able, for example, paƟ ent's emoƟ onal lability and mental health and caregiver's distress (depression and anxiety) 20, 21 . By acquiring more knowledge about specifi c paƟ ent and caregiver modifi able factors related to caregiver strain and the way it increases over Ɵ me, we will be able to apply this to tailoring ALS care to the needs of the caregiver.
The aim of our cohort study was to idenƟ fy paƟ ent and caregiver disease-related and psychosocial-related factors associated with caregiver strain over Ɵ me in ALS.
METHODS

Study design and populaƟ on
This quanƟ taƟ ve longitudinal cohort study was part of a cluster randomized controlled trial (RCT) that evaluated the eff ecƟ veness of case management in 132 paƟ ents with ALS and their most important informal caregiver (n=126) 4 . PaƟ ents were not eligible for trial entry if they had cogniƟ ve dysfuncƟ on. PaƟ ents and caregivers were excluded if they had insuffi cient mastery of the Dutch language.
Standard protocol approvals, registraƟ ons, and paƟ ent consents
The Medical Ethics CommiƩ ee of the Academic Medical Centre in Amsterdam waived the need for ethical approval. The RCT was registered at the Netherlands Trial Register, number NTR1270. Informed consent for processing their research data was obtained from all parƟ cipaƟ ng paƟ ents and all caregivers 4 .
Data collecƟ on
During the 12-month study period, we assessed baseline sociodemographic characterisƟ cs of the paƟ ents and their caregivers (e.g., gender, age, educaƟ on). Baseline informaƟ on on ALS clinical characterisƟ cs (e.g., site of onset, Ɵ me since onset, forced vital capacity, percutaneous endoscopic gastrostomy use and non-invasive/invasive venƟ laƟ on (NIV/IV) use) was provided by the treaƟ ng rehabilitaƟ on medicine consultant from the mulƟ disciplinary ALS care team of the paƟ ent-caregiver couple. Baseline and 4-month assessments of the measurements were carried out in the homes of the parƟ cipants. Baseline assessments were performed by two experienced occupaƟ onal therapists and 4-monthly assessments by two experienced research assistants 4 .
Measurements
Caregiver strain was measured with the generic 13-item Caregiver Strain Index (CSI), widely used in health care research and clinical pracƟ ce 22 . Caregiver strain refers to the percepƟ on of stress and faƟ gue caused by the sustained eff ort required in caring for the paƟ ent 22 . The CSI is a concise instrument with dichotomous yes/no answers to proposiƟ ons, to assess parƟ cipants' negaƟ ve caregiving experiences. The instrument measures both the objecƟ ve impact of care (e.g., "There have been changes in personal plans") and subjecƟ ve impact (e.g., "Feeling completely overwhelmed"). The CSI showed no ceiling or fl oor eff ects and a high internal reliability 23 . We monitored disease progression with the ALS FuncƟ onal RaƟ ng Scale-Revised (ALSFRS-R). The ALSFRS-R is a 48-point validated disease-specifi c measure to assess funcƟ on, and consists of four domains: fi ne motor funcƟ on, gross motor funcƟ on, bulbar funcƟ on and respiratory funcƟ on. A lower total score indicates greater disability 24 .
We assessed emoƟ onal aspects of the paƟ ent's health-related quality of life (QOL) with the Dutch version of the 40-item ALS Assessment QuesƟ onnaire (ALSAQ-40), domain emoƟ onal funcƟ oning. The ALSAQ-40 is a disease-specifi c health status measure, containing 40 items incorporated in fi ve disƟ nct areas of health: physical mobility (10 items), acƟ viƟ es of daily living/independence (10 items), eaƟ ng and drinking (3 items), communicaƟ on (7 items), and emoƟ onal funcƟ oning (10 items). Each of the fi ve scales is transformed into a scale of 0-100 (100 indicaƟ ng poorest health) 25 . Perceived quality of care (QOC) of the total ALS care provided, was rated by paƟ ents and their caregivers on a 10-point numerical raƟ ng scale; 1 represenƟ ng very poor QOC and 10 as excellent QOC. Caregivers were asked to give two raƟ ngs: one for the care provided to the paƟ ent, and one for the care provided to themselves.
As indicator for emoƟ onal distress, we used the Hospital Anxiety and Depression Scale (HADS) 26 . The HADS is a paƟ ent-reported outcome measure, developed as a screening instrument for use in hospital outpaƟ ent departments and has been validated for use with primary care paƟ ents and the general populaƟ on. The HADS comprises 14 items divided equally between the two mood states (anxiety and depression). ParƟ cipants were asked to rate items on anxiety and depressive symptoms during the previous week on a fourpoint scale (0-3), rendering a maximum score of 21 points for each subscale. A higher score indicates more distress.
Coping strategy was assessed with the Utrecht Coping List (UCL) 27 . The UCL consists of seven subscales, each represenƟ ng a diff erent coping strategy: acƟ ve approach, palliaƟ ve response, avoidance, seeking social support, passive reacƟ on, expression of emoƟ ons and reassuring thoughts. We used the subscales acƟ ve approach and passive reacƟ on, as these represent the conceptualisaƟ on of adapƟ ve and maladapƟ ve coping styles 28, 29 . An acƟ ve approach coping style is an acƟ ve, off ensive strategy to handle experienced problems and is considered as an adapƟ ve coping style, whereas a passive reacƟ on coping style is considered as a defensive, reacƟ ve coping strategy that is regarded as maladapƟ ve 29 . Both subscales consist of seven items scored on a four-point scale (1-4). We used the sum scores of these subscales in the analyses. Higher scores on the scale indicate that the parƟ cular coping strategy is used more oŌ en. The UCL showed moderate to good internal consistency (Cronbach's α 0.43−0.89) and test-retest reliability (r=0.37−0.85) 27 .
StaƟ sƟ cal analysis
Normality of the data was checked by ploƫ ng histograms and by means of a KolmogorovSmirnov test. We measured baseline correlaƟ ons between paƟ ents' and caregivers' variables and the CSI total score using Pearson's correlaƟ on coeffi cients.
The longitudinal course of caregiver strain and its associaƟ on with paƟ ents' and caregivers' variables were analysed with random coeffi cient analysis. This analysis technique does not require complete follow-up data from all parƟ cipants. Consequently, data of all parƟ cipants, including those with incomplete sets, were analysed. First, we invesƟ gated Ɵ me-independent and Ɵ me-dependent factors for their bivariate associaƟ on with caregiver strain.
Second, we built a mulƟ variate model in which we included paƟ ents' variables signifi cantly associated with caregiver strain, and another model in which we included caregivers' variables. Each model included Ɵ me (as a conƟ nuous variable in months) and Ɵ me squared to capture linear and non-linear course. Furthermore, within each model we explored whether the ALSFRS-R sum score was staƟ sƟ cally signifi cant in terms of the associaƟ on with caregiver strain over Ɵ me. In order to account for individual trajectories of caregiver strain, we used a random intercept (and slope). A random slope was only included if this improved the model fi t (based on the likelihood raƟ o test). We employed a backward selecƟ on on the variables (based on the Wald test) to exclude all variables with a p value greater than 0.1.
Third, the remaining paƟ ent and caregiver variables together with Ɵ me (linear and quadraƟ c) were combined in a fi nal associaƟ on model. Variables with a p value greater than 0.05 were eliminated, resulƟ ng in the best model for paƟ ents' and caregivers' determinants associated with caregiver strain.
For the descripƟ ve staƟ sƟ cs we used SPSS 22.0 soŌ ware and for the random coeffi cient analyses MLwiN (MLwiN V.2.32, Centre for MulƟ level Modelling, University of Bristol, UK). Table 1 presents baseline descripƟ ve staƟ sƟ cs of the sociodemographic and clinical characterisƟ cs of the 126 informal caregivers and paƟ ents with ALS who parƟ cipated in our study. One hundred and seven caregivers were spouses of the paƟ ents with ALS, ten caregivers were sons or daughters, and 66 percent of the caregivers were female. The fl owchart of parƟ cipants (fi gure 1) shows the number of assessments and the reason why data were missing at each Ɵ me point.
RESULTS
Scores of parƟ cipants' Ɵ me-dependent variables at the four assessments are presented in table 2. Analyses of the Ɵ me-independent and Ɵ me-dependent factors associated (univariate and bivariate, respecƟ vely) with caregiver strain resulted in fi ve caregiver variables: age at inclusion; HADS anxiety and depression; QOC care for the caregiver; UCL passive reacƟ on, and seven paƟ ent variables: age at inclusion; ALSAQ-40 domain emoƟ onal funcƟ oning; ALSFRS-R sum score; QOC care for the paƟ ent; HADS depression; UCL acƟ ve approach and passive reacƟ on. Table 3 presents the longitudinal associaƟ on with CSI total score for each independent variable separately. MulƟ level analyses showed that caregiver strain increased signifi cantly during the study period. Time and Ɵ me squared were signifi cant, although the size of the βeta for the quadraƟ c Ɵ me trend was very small compared to that for the linear term (βeta -0.008 (SE 0.002) versus 0.299 (SE 0.053)) indicaƟ ng only a slight deviaƟ on from a linear trend. Increase in caregiver strain was associated with the paƟ ents' Ɵ me-dependent variables 'disease severity' and ' emoƟ onal funcƟ oning', and with the caregivers' Ɵ me-dependent variables 'anxiety', 'perceived quality of care for themselves', and 'passive coping style' (Table 4) . Table 4 Results of the random coeffi cient analyses for the associaƟ ons between caregiver strain (CSI) and independent caregiver and paƟ ent variables (N=116). 
Independent variable
DISCUSSION
Our longitudinal study has shown that apart from factors relaƟ ng to the paƟ ent's physical disability and emoƟ onal funcƟ oning, caregiver's coping behaviour, anxiety and perceived quality of care for the caregiver have an impact on caregiver strain in ALS.
The posiƟ ve associaƟ on we found between caregiver burden and the paƟ ent's physical limitaƟ ons is in agreement with previous ALS studies 2, 9, 16 , as well as with studies in other progressive neurological disorders 30 . Some studies could not, however, corroborate the impact of physical limitaƟ ons on caregiver strain 15, 17, 19 . This inconsistency might be explained by methodological diff erences (univariate vs mulƟ variate associaƟ ons).
We found that caregivers of paƟ ents with beƩ er emoƟ onal funcƟ oning perceived less strain. As far as we could ascertain, our study is the fi rst to reveal evidence for this associaƟ on. We believe that this fi nding is of importance for improving mulƟ disciplinary ALS care with respect to QOL of the paƟ ent and caregiver strain 11 . Therefore, intervenƟ ons targeƟ ng paƟ ent's emoƟ onal problems aimed at opƟ mizing QOL is a real challenge for the mulƟ disciplinary care team and community care professionals, the development of support programmes should be prioriƟ zed.
This study showed that caregivers who used more passive coping strategies experienced higher levels of strain, a fi nding in line with results of Weisser et al's 31 longitudinal study, in which caregivers described becoming (pro)acƟ ve in dealing with the situaƟ on as 'helpful'. We suggest that intervenƟ ons aimed at providing insight into how caregivers cope with the negaƟ ve changes in their situaƟ on and at fi nding eff ecƟ ve (acƟ ve) coping strategies may lead to manageable strain.
The current study supports previous fi ndings that lower QOC for the caregiver is associated with higher strain, which indicates the importance of high quality ALS care for the caregiver during the disease stages. All parƟ cipaƟ ng paƟ ents and caregivers received support from a mulƟ disciplinary ALS care team in accordance with the gold standard treatment for paƟ ents with ALS. Within our cohort, both paƟ ents and caregivers rated the overall quality of ALS care as moderate to good. Nevertheless, caregivers experienced lower QOC for themselves compared to QOC for the paƟ ents. Bakker et al. 32 in their qualitaƟ ve study reported that some paƟ ents and caregivers perceived the QOC of their ALS team to be subopƟ mal. Other studies showed that family members of paƟ ents with ALS search for pracƟ cal and emoƟ onal support from their health care professionals 13, 14, 33 . Caregivers who experienced the specialist ALS clinic as being supporƟ ve, menƟ oned that this helped them to cope with the situaƟ on 34 . For ALS care professionals, a shortcoming in mulƟ disciplinary ALS care is the availability of specifi c evidence-based intervenƟ ons to guide the family caregivers 11 . Caregiver strain should be recognised by the care professionals and tailormade intervenƟ ons to prevent or reduce strain, fi ƫ ng the needs of the caregivers, should be developed, validated and implemented.
Reduced caregiver distress contributes to managing the caregiver's situaƟ on and thus decreasing strain 33 . In line with these caregiver experiences, our study showed that higher levels of caregiver anxiety were associated with higher levels of caregiver strain. Previous cross-secƟ onal studies also reported a posiƟ ve relaƟ on of caregiver anxiety with caregiver strain 15, 16 . The caregivers' anxiety scores in these studies were comparable to our results, although all studies used diff erent (types of) anxiety quesƟ onnaires. During the paƟ ent's disease trajectory, parƟ cular aƩ enƟ on to the caregiver's symptoms of distress is needed to off er Ɵ mely intervenƟ ons to alleviate caregiver strain. Previous intervenƟ on studies within demenƟ a and cancer showed improvements in distressing caregiver symptoms like mood and coping associated with strain 35 .
The strengths of our study include the large sample of paƟ ents and their caregivers, the data collecƟ on over a one-year follow-up period and the random coeffi cients model for data analysis.
The results of our study must be viewed in the context of the Dutch ALS care seƫ ng − all paƟ ents and caregivers were supported by a mulƟ disciplinary ALS care team and by their primary healthcare professionals. In the Netherlands clinical pracƟ ce guidelines do not provide specifi c supporƟ ve intervenƟ ons for caregivers in ALS but emoƟ onal and psychological support is available within the Dutch ALS care seƫ ng. We did not monitor the content and frequency of psychological or emoƟ onal support parƟ cipants received within the mulƟ disciplinary or primary care seƫ ng, but emoƟ onal funcƟ oning of the paƟ ent parƟ cipants was rated as almost uncomplicated and did not worsen over Ɵ me. In addiƟ on, the relaƟ vely low to moderate levels of caregiver strain and paƟ ents' and caregivers' anxiety and depression suggest that in general the Dutch mulƟ disciplinary ALS care is for paƟ ents as well as caregivers of a high standard.
Neither this nor previous longitudinal studies concerning caregiver strain invesƟ gated an incepƟ on cohort, with the disadvantage of limitaƟ ons in the comparability of the results due to the diff erent Ɵ me points in the disease trajectory of the paƟ ents. Our study was representaƟ ve with respect to paƟ ents' baseline characterisƟ cs (age, bulbar onset, Ɵ me to diagnosis, gender) for the total ALS populaƟ on in the Netherlands 36 . Furthermore, the sociodemographic characterisƟ cs of the caregivers studied were comparable to those of previous prospecƟ ve ALS studies 2, 19 . The proporƟ on of non-Caucasian parƟ cipants might not be representaƟ ve for the total ALS populaƟ on. The strain experienced by non-Caucasian caregivers of paƟ ents with ALS has not been the subject of previous studies. The results within this subgroup might diff er as diff erences in cultural, spiritual and religious beliefs could aff ect coping styles, experienced distress and care needs 37 . This study was conducted alongside the RCT on case management for paƟ ents with ALS and their most important caregivers 4 . PaƟ ents with neurobehavioural symptoms were excluded from parƟ cipaƟ on in the case management study. We did not assess our paƟ ents' neurobehavioural symptoms during the study period and hence did not invesƟ gate the associaƟ on with caregiver burden. Previous ALS studies showed an associaƟ on of caregiver strain with neurobehavioural changes in the paƟ ent 15, 21 . Caregiver intervenƟ on, aimed at improving the way neurobehavioural changes are dealt with might reduce caregiver strain, but requires further study 38 . Studies reviewing intervenƟ ons in caregivers of paƟ ents with demenƟ a that require an acƟ ve parƟ cipaƟ on of caregivers, such as psycho-educaƟ on, counselling, cogniƟ ve behavioural therapy and mutual support groups, showed a reducƟ on in caregiver stress or burden, and caregivers highly appreciated supporƟ ng intervenƟ ons 39 . Our study focused on aspects of caregiver strain and ignored the posiƟ ve aspects of caregiving 32 . Taking care of a loved-one can apparently give the caregiver the feeling of doing a good job which in turn contributes posiƟ vely to coping with the demands of caregiving 40 . It is important to consider both posiƟ ve and the negaƟ ve aspects when off ering caregiver support. The currently available ALS-specifi c and generic caregiver strain measurement instruments should be validated for the ALS caregiver populaƟ on, to quanƟ fy this phenomenon and to use this new knowledge in ALS caregiver studies.
CONCLUSIONS AND CLINICAL IMPLICATIONS
Our fi ndings demonstrate that apart from the paƟ ent's physical disability and perceived emoƟ onal funcƟ oning, caregiver's coping behaviour, psychological distress, and perceived quality of care for the caregiver is related to their perceived strain. In addiƟ on to aƩ enƟ on and support for the caregiver, care professionals should be aware of the modifi able factors that are potenƟ ally amenable to intervenƟ ons to help caregivers acƟ vely cope with their changing role and their impending overload, thus contribuƟ ng to a higher QOC. The strong associaƟ on between strain on and perceived QOC for the caregiver indicates the importance of the quality of ALS care during the disease stages. PsychoeducaƟ onal intervenƟ ons are required to provide caregivers with insight into their (potenƟ al) mental imbalance related to strain and anxiety, and stress-management strategies should be implemented to help them deal with their tasks and responsibiliƟ es. Also in the interest of the caregiver, future studies might focus on tailor-made support with respect to the emoƟ onal well-being of the paƟ ent with ALS.
